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(57) ABSTRACT 

A Setting value is initially Stored in a comparison and 
coincidence register. Thereafter, a value of a count Signal is 
incremented in a base timer while resetting the value of the 
count Signal to Zero each time the value of the count Signal 
reaches a prescribed value. A coincidence Signal Set to “1” 
is output from the comparison and coincidence register each 
time the Setting value agrees with the value of the count 
Signal, and a clock Signal is produced in an RS flip-flop 
according to the coincidence Signal. A data transmission is 
performed each time the coincidence Signal is received in a 
transmission shift register. On a reception Side, the clock 
Signal is received, and the data is received according to the 
clock signal. Therefore, in cases where a desired Setting 
value is Stored in the comparison and coincidence register, 
the repetition period of the data transmission and reception 
can be freely changed. Also, the timer function of the base 
circuit is, as it is, used to transmit or receive data, the number 
of elements required in the data input and output device can 
be reduced in hardware. 
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DATA INPUT AND OUTPUT DEVICE USING 
TIMER FUNCTION 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a data input and 
output device used for a microcomputer, and more particu 
larly to a data input and output device in which the data 
transmission and reception is performed by using a timer 
function. 

0003 2. Description of Related Art 
0004. In a conventional serial data input and output 
device, pieces of data are Serially transmitted in Synchroni 
Zation with a clock Signal output from an internal pre-Scaler. 
In a Serial reception, the pieces of data, which are received 
in Synchronization with a clock signal Sent from a transmis 
Sion Side, are received and Sampled. 
0005 FIG. 14 is a block diagram showing the configu 
ration of the conventional data input and output device. In 
FIG. 14, 100 indicates a pre-scaler for dividing a frequency 
of a referential clock signal received from a clock oscillating 
circuit (not shown) to produce a clock signal CLKout of the 
data transmission and reception. 200 indicates a transmis 
Sion shift register for transmitting data in Synchronization 
with a clock signal CLKin received from the outside or the 
clock signal CLKout produced in the pre-scaler 100. 300 
indicates a reception shift register for receiving data in 
Synchronization with the clock signal CLKin received from 
the outside or the clock Signal CLKout produced in the 
pre-scaler 100. 400 indicates a selector for selecting either 
the clock signal CLKin received from the outside or the 
clock signal CLKout produced in the pre-scaler 100 and 
outputting the Selected Signal to the transmission shift reg 
ister 200. 500 indicates a selector for selecting either the 
clock signal CLKin received from the outside or the clock 
Signal CLKout produced in the pre-Scaler 100 and outputting 
the selected signal to the reception shift register 300. 
0006 Next, an operation of the conventional data input 
and output device will be described below. 
0007. In this operation, the data transmission and recep 
tion performed in Synchronization with the clock signal 
CLKout produced in the pre-scaler 100 is described. In this 
case, the clock signal CLKout produced in the pre-scaler 100 
is selected as a shift clock signal in each of the selectors 400 
and 500, and the shift clock signal is output to both the 
transmission shift register 200 and the reception shift reg 
ister 300. 

0008 FIG. 15 is a timing chart of the data transmission 
and reception performed in the conventional data input and 
output device shown in FIG. 14. As shown in FIG. 15, the 
clock signal CLKout for the data transmission and reception 
is produced in the pre-scaler 100 in synchronization with a 
referential clock signal of which a frequency is divided in 
the pre-scaler 100. 
0009. The data transmission is initially described. A shift 
operation is performed in the transmission shift register 200 
at a shift time by using the clock signal CLKout Selected in 
the selector 400, and transmission data Sout is output from 
the transmission shift register 200. In the example shown in 
FIG. 15, the transmission data Sout is output from the 
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transmission shift register 200 in synchronization with each 
trailing edge of the clock Signal CLKOut. 
0010 Next, the data reception is described. Because the 
data transmission and reception is performed in Synchroni 
Zation with the clock signal CLKout produced in the pre 
scaler 100, reception data Sin is transmitted from a trans 
mission Side to the conventional data input and output 
device in Synchronization with the clock signal CLKout. In 
the reception shift register 300, a shift operation is per 
formed at a shift time by using the clock signal CLKout 
selected in the selector 500, and the reception data Sin is 
stored in the reception shift register 300. In the example 
shown in FIG. 15, the reception data Sin is stored in the 
reception shift register 300 in synchronization with each 
leading edge of the clock Signal CLKOut. 
0011 Though the pre-scaler 100 has a function for pro 
ducing the clock Signal CLKout for the purpose of the data 
transmission and reception performed in the data input and 
output device, the pre-scaler 100 is hardly used for opera 
tions using other functions. In contrast, a pre-Scaler used in 
a one chip type microcomputer normally has a timer func 
tion as one of peripheral functions, and a referential clock 
Signal or a clock signal transmitted from the outside is 
counted according to the timer function. 
0012 However, because the conventional data input and 
output device has the above described configuration, in 
cases where no clock signal Sent from the outside is used but 
the clock signal CLKout produced in the pre-scaler 100 is 
used for a Serial data transmission and reception, there is a 
problem that there is a probability that the data reception 
cannot be correctly performed while Synchronizing the 
timing of the data reception with the timing of the data 
transmission. The problem is described in detail. In cases 
where data having both a first repetition period of logical 
values “0” and a Second repetition period of logical values 
“1” different from the first repetition is transmitted from the 
conventional data input and output device of a transmission 
Side to the conventional data input and output device of a 
reception side, unless an external clock Signal Synchronized 
with the transmission data is used on the reception Side, the 
reception of the transmission data cannot be correctly per 
formed. In other words, the reception of the transmission 
data cannot be correctly performed on the reception Side by 
using the clock signal CLKout produced in the pre-Scaler 
100. 

0013 Also, the pre-scaler 100 is hardly used for opera 
tions other than the production of the clock signal CLKout. 
Therefore, there is another problem that the pre-scaler 100 
is not effectively used for operations using peripheral func 
tions Such as a timer function. 

SUMMARY OF THE INVENTION 

0014) An object of the present invention is to provide, 
with due consideration to the drawbacks of the conventional 
data input and output device, a data input and output device 
in which a repetition period of a data transmission or 
reception is freely changed by using a timer function origi 
nally provided for the device. 

0015 The object is achieved by the provision of a data 
input and output device comprising a timer circuit for 
counting a value of a count Signal, resetting the value of the 
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count Signal to an initial value each time the value of the 
count Signal reaches a prescribed value and outputting the 
value of the count Signal at a prescribed interval, a com 
parison and coincidence register circuit for Storing a Setting 
value, comparing the Setting value with the value of the 
count Signal output from the timer circuit and outputting a 
coincidence Signal each time the Setting value agrees with 
the value of the count Signal, a clock Selecting circuit for 
receiving both an external clock signal and each coincidence 
Signal output from the comparison and coincidence register 
circuit, Selecting one of the Signals and outputting the 
Selected Signal as a data shift clock signal, and a data shift 
register circuit for performing a data transmission or recep 
tion each time the data shift clock Signal is received from the 
clock Selecting circuit. 

0016. In the above configuration, a setting value corre 
sponding to a data transmission or reception is initially 
Stored in the comparison and coincidence register circuit. 
Thereafter, a value of a count Signal is incremented in the 
timer circuit while resetting the value of the count Signal to 
an initial value each time the value of the count Signal 
reaches a prescribed value. Each time the Setting value 
agrees with the value of the count Signal, a coincidence 
Signal is output from the comparison and coincidence reg 
ister circuit to the clock Selecting circuit. In the clock 
Selecting circuit, one of the coincidence Signal and an 
external clock Signal is Selected as a data shift clock signal. 
For example, the coincidence Signal is Selected. Thereafter, 
a data transmission or reception is performed in the data shift 
register circuit each time the data shift clock Signal is 
received from the clock Selecting circuit. 

0.017. Therefore, because the data transmission or recep 
tion is performed each time the value of the count Signal 
reaches the Setting value, the data transmission or reception 
is performed at a prescribed repetition period. Accordingly, 
in cases where a desired Setting value is Stored in the 
comparison and coincidence register circuit, a repetition 
period of the data transmission or reception can be freely 
changed. Also, the timer function of the timer circuit is, as 
it is, used to transmit or receive data, the number of elements 
required in the data input and output device can be reduced 
in hardware. 

0.018. It is preferred that the comparison and coincidence 
register circuit comprises a transmission comparison and 
coincidence register circuit for Storing a Setting value cor 
responding to a data transmission time and outputting a 
transmission coincidence Signal as the coincidence Signal 
each time the Setting value agrees with the value of the count 
Signal output from the timer circuit, and a reception com 
parison and coincidence register circuit for Storing a Setting 
value corresponding to a data reception time and outputting 
a reception coincidence Signal as the coincidence Signal each 
time the Setting value agrees with the value of the count 
Signal output from the timer circuit. The value of the count 
Signal is cleared to the initial value in the timer circuit each 
time the transmission coincidence Signal output from the 
transmission comparison and coincidence register circuit or 
the reception coincidence signal output from the reception 
comparison and coincidence register circuit is received in 
the timer circuit. 

0019. In the above configuration, because the value of the 
count Signal is cleared to the initial value each time the data 
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transmission or reception is performed. The repetition 
period of the data transmission or reception can be fixed 
without resetting the Setting value. 
0020. Accordingly, because it is not required for a central 
processing unit to Set a new Setting value to the transmission 
comparison and coincidence register circuit or the reception 
comparison and coincidence register circuit each time the 
data transmission or reception is performed, the number of 
interruption operations to the central processing unit can be 
reduced. Also, in cases where a desired Setting value is 
Stored in the comparison and coincidence register circuit, the 
fixed repetition period of the data transmission or reception 
can be freely changed. Also, the timer function of the timer 
circuit is, as it is, used to transmit or receive data, the number 
of elements required in the data input and output device can 
be reduced in hardware. 

0021. It is preferred that the value of the count signal 
counted by the timer circuit is incremented, and the value of 
the count Signal is reset to Zero. 
0022. Accordingly, an operation of the timer circuit can 
be reliably performed. 

0023 The object is also achieved by the provision of a 
data input and output device comprising a timer circuit for 
counting a value of a count Signal, resetting the value of the 
count Signal to an initial value each time the value of the 
count Signal reaches a prescribed value and outputting the 
value of the count Signal at a prescribed interval, a com 
parison and coincidence register circuit for Storing a Setting 
value corresponding to a data transmission time and a setting 
value corresponding to a data reception time, comparing the 
Setting value corresponding to the data transmission time 
with the value of the count Signal output from the timer 
circuit, comparing the Setting value corresponding to the 
data reception time with the value of the count Signal output 
from the timer circuit, outputting a transmission coincidence 
Signal each time the Setting value corresponding to the data 
transmission time agrees with the value of the count Signal 
and outputting a reception coincidence Signal each time the 
Setting value corresponding to the data reception time agrees 
with the value of the count Signal, a flip-flop circuit for 
Setting a logical value of a Synchronization clock signal to a 
first value in Synchronization with the reception of each 
transmission coincidence Signal from the comparison and 
coincidence register circuit, Setting a logical value of the 
Synchronization clock Signal to a Second value different 
from the first value in synchronization with the reception of 
each reception coincidence Signal from the comparison and 
coincidence register circuit and outputting the Synchroniza 
tion clock Signal having two logical values, a clock Selecting 
circuit for receiving an external clock Signal and the Syn 
chronization clock signal output from the flip-flop circuit, 
Selecting one of the Signals and outputting the Selected 
Signal as a data shift clock Signal, and a data shift register 
circuit for performing a data transmission or reception in 
Synchronization with each logical value of the data shift 
clock signal received from the clock Selecting circuit. 
0024. In the above configuration, a transmission coinci 
dence Signal is output from the comparison and coincidence 
register circuit to the flip-flop circuit each time the Setting 
value corresponding to the data transmission time agrees 
with the value of the count Signal, and a reception coinci 
dence Signal is output from the comparison and coincidence 
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register circuit to the flip-flop circuit each time the Setting 
value corresponding to the data reception time agrees with 
the value of the count Signal. In the flip-flop circuit, a logical 
value of a Synchronization clock signal is Set to a first value 
in Synchronization with the reception of each transmission 
coincidence Signal, and the logical value of the Synchroni 
Zation clock Signal is set to a Second value in Synchroniza 
tion with the reception of each reception coincidence Signal. 
Therefore, the Synchronization clock signal having two 
logical values is produced. Thereafter, the Synchronization 
clock signal is Selected in the clock Selecting circuit as a data 
shift clock signal, and a data transmission or reception is 
performed in the data shift register circuit in Synchronization 
with each logical value of the data shift clock signal. 
0.025 Accordingly, in cases where a desired setting value 
corresponding to the data transmission time and a desired 
Setting value corresponding to the data reception time are 
Stored in the comparison and coincidence register circuit, the 
repetition period of the data transmission and the repetition 
period of the data reception can be freely changed. Also, the 
timer function of the timer circuit is, as it is, used to transmit 
or receive data, the number of elements required in the data 
input and output device can be reduced in hardware. 
0026. It is preferred that a flip-flop circuit for setting a 
logical value of a Synchronization clock signal of a data 
transmission and reception in Synchronization with the 
reception of each coincidence Signal from the comparison 
and coincidence register circuit and outputting the Synchro 
nization clock signal. 
0.027 Accordingly, in cases where the synchronization 
clock signal produced in a transmission side (or a reception 
Side) is output, the data reception (or the data transmission) 
can be performed on the reception side (or the transmission 
Side) in Synchronization with the Synchronization clock 
Signal. 

0028. It is preferred that the value of the count signal is 
cleared to the initial value in response to each leading edge 
or each trailing edge of a data Signal received by the data 
shift register circuit. 
0029. Accordingly, even though a fault occurs in the data 
reception, the data reception can be performed in Synchro 
nization with the Synchronization clock Signal. 
0.030. It is preferred that the setting value of the com 
parison and coincidence register circuit is Stored according 
to a direct memory access. 
0031. Accordingly, a load of the setting of the setting 
value on a central processing unit can be reduced. 
0032. It is preferred that a data input and output device 
further comprises a reload register circuit for Sending a new 
Setting value to the comparison and coincidence register 
circuit each time the Setting value Stored in the comparison 
and coincidence register circuit agrees with the value of the 
count Signal. 
0.033 Accordingly, the setting value of the comparison 
and coincidence register circuit can be rewritten without 
performing the interruption operation of the central process 
ing unit or using the direct memory accessing transfer 
function. Also, in cases where a data transfer rate of the 
transmission data is too high to perform the interruption 
operation of the central processing unit or to use the direct 
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memory accessing transfer function, the writing of the 
Setting value using the reload register circuit is useful. 

0034. It is preferred that a data input and output device 
further comprises an adder for adding a prescribed value to 
the Setting value Stored in the comparison and coincidence 
register circuit to Store a new Setting value in the comparison 
and coincidence register circuit each time the Setting value 
Stored in the comparison and coincidence register circuit 
agrees with the value of the count Signal. 

0035. Accordingly, the setting value of the comparison 
and coincidence register circuit can be automatically rewrit 
ten without performing the interruption operation of the 
central processing unit or using the direct memory accessing 
transfer function. 

0036. It is preferred that the value of the count signal 
counted by the timer circuit is incremented, and the value of 
the count Signal is reset to Zero. 

0037 Accordingly, an operation of the timer circuit can 
be reliably performed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0038 FIG. 1 is a block diagram showing the configura 
tion of a data input and output device according to a first 
embodiment of the present invention; 

0039 FIG. 2 is a timing chart of the data transmission 
and reception performed in the data input and output device 
shown in FIG. 1; 

0040 FIG. 3 is a circuit view of each comparison and 
coincidence register of the data input and output device 
according to the first embodiment; 

0041 FIG. 4 is a circuit view of a transmission shift 
register circuit of the data input and output device according 
to the first embodiment; 

0042 FIG. 5 is a circuit view of a reception shift register 
circuit of the data input and output device according to the 
first embodiment; 

0043 FIG. 6 is a block diagram showing the configura 
tion of a data input and output device according to a Second 
embodiment of the present invention; 

0044 FIG. 7 is a timing chart of the data transmission 
and reception performed in the data input and output device 
shown in FIG. 6; 

004.5 FIG. 8 is a block diagram showing the configura 
tion of a data input and output device according to a third 
embodiment of the present invention; 

0046 FIG. 9 is a timing chart of the data transmission 
and reception performed in the data input and output device 
shown in FIG. 8: 

0047 FIG. 10 is a block diagram showing the configu 
ration of a data input and output device according to a fourth 
embodiment of the present invention; 

0048 FIG. 11 is a timing chart of the data transmission 
and reception performed in the data input and output device 
shown in FIG. 10; 
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0049 FIG. 12 is a block diagram showing the configu 
ration of a data input and output device according to a fifth 
embodiment of the present invention; 
0050 FIG. 13 is a block diagram showing the configu 
ration of a data input and output device according to a sixth 
embodiment of the present invention; 
0051 FIG. 14 is a block diagram showing the configu 
ration of a conventional data input and output device; and 
0.052 FIG. 15 is a timing chart of the data transmission 
and reception performed in the conventional data input and 
output device shown in FIG. 14. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0.053 Embodiments of the present invention will now be 
described with reference to the accompanying drawings. 
0054 Embodiment 1 
0.055 FIG. 1 is a block diagram showing the configura 
tion of a data input and output device according to a first 
embodiment of the present invention. In FIG. 1, 1 indicates 
a base timer (or a timer circuit). In the base timer 1, a count 
operation is started to increment a value of a control Signal 
by using a control signal Sent from a central processing unit 
(CPU) (not shown) or a clock signal sent from the outside as 
a trigger, and the incremented value of the count Signal is 
output every prescribed time period. Also, the value of the 
count Signal is reset to Zero each time the value of the count 
Signal reaches a prescribed value. 2a indicates a comparison 
and coincidence register (a comparison and coincidence 
register circuit, or a transmission comparison and coinci 
dence register circuit). In the comparison and coincidence 
register 2a, a Setting value corresponding to each shift time 
in the data transmission is Stored, and the Setting value is 
compared with the value of the count Signal output from the 
base timer 1. In cases where the Setting value agrees with the 
value of the count Signal, a transmission coincidence Signal 
set to “1” (high level) is output from the comparison and 
coincidence register 2a. 2b indicates a comparison and 
coincidence register (a comparison and coincidence register 
circuit, or a reception comparison and coincidence register 
circuit). In the comparison and coincidence register 2b, a 
Setting value corresponding to each shift time in the data 
reception is Stored, and the Setting value is compared with 
the value of the count Signal output from the base timer 1. 
In cases where the Setting value agrees with the value of the 
count signal, a reception coincidence signal Set to “1” (high 
level) is output from the comparison and coincidence reg 
ister 2b. 3 indicates an RS flip flop (or a flip-flop circuit). In 
the RS flip flop 3, the transmission coincidence signal and 
the reception coincidence Signal are received from the 
comparison and coincidence registers 2a and 2b, a logical 
value of a clock signal CLKout is set to “1” when the logical 
value of the reception coincidence signal is Set to “1” on 
condition that the logical value of the transmission coinci 
dence signal is not Set to “1”, and a logical value of the clock 
signal CLKout is reset to “0” when the logical value of the 
transmission coincidence Signal is Set to “1” on condition 
that the logical value of the reception coincidence Signal is 
not Set to “1”. 

0056 6 indicates a selector (or a clock selecting circuit). 
In the selector 6, either a clock signal CLKinsent from the 
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outside or the transmission coincidence Signal of the com 
parison and coincidence register 2a is Selected as a data shift 
clock signal. 4 indicates a transmission shift register circuit 
(or a data shift register circuit). In the transmission shift 
register circuit 4, a shift operation is performed for each 
piece of transmission data in Synchronization with the data 
shift clock signal of the Selector 6, and transmission data 
Sout is output from the transmission shift register circuit 4. 
7 indicates a Selector (or a clock Selecting circuit). In the 
selector 7, either the clock signal CLKin sent from the 
outside or the reception coincidence Signal of the compari 
Son and coincidence register 2b is Selected as a data shift 
clock signal. 5 indicates a reception shift register circuit (or 
a data shift register circuit). In the reception shift register 
circuit 5, a shift operation is performed for each piece of 
reception data in Synchronization with the data shift clock 
Signal of the Selector 7, and reception data Sin is received 
and Sampled. 

0057 Next, an operation of the data input and output 
device is described. 

0058 FIG. 2 is a timing chart of the data transmission 
and reception performed in the data input and output device. 
In this embodiment, a data transmission performed on a 
transmission side in Synchronization with a clock signal 
CLKout produced in the data input and output device of the 
transmission Side and a data reception performed on a 
reception side in Synchronization with a clock signal CLK 
out produced in the data input and output device of the 
reception side are described with reference to FIG. 2. That 
is, the transmission coincidence Signal of the comparison 
and coincidence register 2a is Selected in the Selector 6, and 
a shift operation is performed in the transmission shift 
register circuit 4 in Synchronization with the transmission 
coincidence signal. Also, the reception coincidence signal of 
the comparison and coincidence register 2b is Selected in the 
Selector 7, and a shift operation is performed in the reception 
shift register circuit 5 in Synchronization with the reception 
coincidence signal. 

0059. The data transmission performed on the transmis 
Sion Side is initially described. A central processing unit 
(CPU) not shown writes a setting value, which corresponds 
to each shift time of the transmission shift register circuit 4, 
in the comparison and coincidence register 2a. In detail, a 
first value V1 of a count signal, which is to be output from 
the base timer 1 at a first shift time T1, is calculated in 
advance in the CPU, and the first value V1 is stored in the 
comparison and coincidence register 2a as a Setting value. 
The first value V1 is indicated by a first circle symbol placed 
on a count signal of the base timer shown in FIG. 2. 

0060. Thereafter, a count operation of the base timer 1 is 
Started by using a control Signal Sent from the CPU as a 
trigger, the value of the count Signal is reset to Zero for each 
count resetting time, and the value of the count Signal is 
output to the comparison and coincidence register 2a for 
each prescribed time. In the comparison and coincidence 
register 2a, the value of the count Signal is compared with 
the Setting value. When the value of the count Signal agrees 
with the Setting value, the transmission coincidence Signal 
Set to “1” is output from the comparison and coincidence 
register 2a to the RS flip-flop 3 and the selector 6. Also, the 
transmission coincidence Signal is sent to the CPU (not 
shown) as an interruption request signal. 
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0061. In the selector 6, a clock signal CLKin sent from 
the outside and the transmission coincidence signal are 
received, and the transmission coincidence Signal is 
Selected. Thereafter, the transmission coincidence Signal is 
sent to the transmission shift register circuit 4. When the 
transmission coincidence signal is received in the transmis 
Sion shift register circuit 4, a shift operation is performed in 
a transmission shift register of the transmission shift register 
circuit 4, and transmission data Sout is output from the 
transmission shift register circuit 4. Thereafter, the CPU, 
which receives the interruption request Signal, writes a 
Second value V2 of a count Signal, which is to be output 
from the base timer 1 at a next shift time T2, in the 
comparison and coincidence register 2a as another Setting 
value. The second value V2 is indicated by a next circle 
Symbol placed on a count Signal of the base timer shown in 
FIG. 2. A time interval between each pair of shift times 
adjacent to each other is Set to a constant value. 

0062) Therefore, in cases where the writing of the setting 
value and the comparison and coincidence between the 
Setting value and the value of the count Signal are repeated, 
the Shift operations can be performed in the transmission 
shift register circuit 4 at a constant repetition period, and the 
transmission data Sout can be output from the data input and 
output device at a constant repetition period. 

0.063. In cases where the transmission data Sout is 
received on a reception Side, a Synchronization clock signal 
is required on the reception Side. In this embodiment, the 
clock signal CLKout produced in the RS flip-flop 3 of the 
transmission Side is used as the Synchronization clock signal 
on the reception side. In this case, because the CPU of the 
reception side receives the clock signal CLKoutin which the 
shift times of the shift operations of the transmission shift 
register circuit 4 of the transmission Side are recorded, the 
shift time of each shift operation of the reception shift 
register circuit 5 of the reception side is, for example, Set by 
the CPU to a middle time between each pair of adjacent shift 
times of the Shift operations of the transmission shift register 
circuit 4 of the transmission Side, and the Setting value 
corresponding to the shift time of each shift operation of the 
reception shift register circuit 5 of the reception Side is 
Stored in the comparison and coincident register 2b under 
control of the CPU. 

0064. Accordingly, in cases where the setting value cor 
responding to each shift time of the transmission shift 
register circuit 4 is freely Set and is Stored in the comparison 
and coincidence register 2a according to a data transmission 
and reception program executed in the CPU, the shift 
operations can be performed at a desired repetition period in 
a transmission shift register of the transmission shift register 
circuit 4, and the transmission data Sout can be output from 
the data input and output device at the desired repetition 
period. 

0065 Next, the data reception performed on the reception 
Side is described. Because the clock signal CLKout pro 
duced in the RS flip-flop 3 of the reception side is used as 
a Synchronization clock signal of the data reception per 
formed on the reception Side, the pieces of reception data Sin 
are Sent from the transmission shift register circuit 4 of the 
transmission side to the reception shift register circuit 5 of 
the reception Side in Synchronization with the clock signal 
CLKout. Also, a CPU (not shown) of the reception side 
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receives the clock Signal CLKout and writes a Setting value, 
which corresponds to each shift time of the reception shift 
register circuit 5, in the comparison and coincidence register 
2b according to the clock signal CLKout. In detail, a third 
value V3 of a count signal, which is to be output from the 
base timer 1 at a first shift time T3, is calculated in advance 
in the CPU, and the third value V3 is stored in the com 
parison and coincidence register 2b as a Setting value. The 
third value V3 is indicated by a star symbol placed on a 
count signal of the base timer shown in FIG. 2. 
0066. Thereafter, a count operation of the base timer 1 is 
Started by using a control Signal Sent from the CPU as a 
trigger, the value of the count Signal is reset to Zero for each 
count resetting time, and the value of the count Signal is 
output to the comparison and coincidence register 2b for 
each prescribed time. In the comparison and coincidence 
register 2b, the value of the count Signal is compared with 
the Setting value. When the value of the count Signal agrees 
with the Setting value, the reception coincidence Signal Set to 
“1” is output from the comparison and coincidence register 
2b to the RS flip-flop 3 and the selector 7. Also, the reception 
coincidence Signal is sent to the CPU (not shown) as an 
interruption request Signal. 

0067. In the selector 7, a clock signal CLKin sent from 
the outside and the reception coincidence Signal are 
received, and the reception coincidence Signal is Selected. 
Thereafter, the reception coincidence Signal is Sent to the 
reception shift register circuit 5. When the reception coin 
cidence signal is received in the reception shift register 
circuit 5, a shift operation is performed in a reception shift 
register of the reception shift register circuit 5, and reception 
data Sin is received and sampled. Thereafter, the CPU, 
which receives the interruption request Signal, writes a 
fourth value V4 of a count signal, which is to be output from 
the base timer 1 at a next shift time T4, in the comparison 
and coincidence register 2b as another Setting value. The 
fourth value V4 is indicated by a next star symbol placed on 
the count signal of the base timer shown in FIG. 2. A time 
interval between each pair of shift times adjacent to each 
other is set to a constant value. A value indicated by a next 
Star Symbol which is placed on a count Signal of the base 
timer shown in FIG. 2. 

0068 Therefore, in cases where the writing of the setting 
value and the comparison and coincidence between the 
Setting value and the value of the count Signal are repeated, 
the shift operations can be performed in the reception shift 
register circuit 5 at a constant repetition period, and the 
reception data Sin can be received and Sampled at a constant 
repetition period. 

0069. In cases where the reception data Sin is transmitted 
from a transmission Side, a Synchronization clock signal is 
required on the transmission side. In this embodiment, the 
clock signal CLKout produced in the RS flip-flop 3 of the 
reception side is used as the Synchronization clock Signal on 
the transmission side. In this case, because the CPU of the 
transmission Side receives the clock signal CLKout in which 
the shift times of the shift operations of the reception shift 
register circuit 5 of the reception Side are recorded, the shift 
time of each shift operation of the transmission shift register 
circuit 4 of the transmission side is, for example, Set by the 
CPU to a middle time between each pair of adjacent shift 
times of the shift operations of the reception shift register 
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circuit 5 of the reception Side, and the Setting value corre 
sponding to the shift time of each shift operation of the 
transmission shift register circuit 4 of the transmission side 
is Stored in the comparison and coincident register 2a under 
control of the CPU. 

0070 Accordingly, in cases where the setting value cor 
responding to each shift time of the transmission shift 
register circuit 4 is freely Set and is Stored in the comparison 
and coincidence register 2b according to a data transmission 
and reception program executed in the CPU, the shift 
operations can be performed at a desired repetition period in 
a reception shift register of the reception shift register circuit 
5, and the reception data Sin can be received and Sampled at 
the desired repetition period. Therefore, even though the 
reception data Sin is transmitted from the transmission side 
to the reception side without Synchronizing with the clock 
Signal CLKout, the reception data Sin can be correctly 
received by appropriately changing each Setting value which 
corresponds to the shift time and are written in the com 
parison and coincident register 2b. 

0071 Also, the clock signal CLKout produced in the RS 
flip-flop 3 of the transmission side (or the reception side) is 
used as a Synchronization clock signal on the transmission 
and reception Sides to transmit and receive the data. How 
ever, it is applicable that the clock signal CLKin Sent from 
the outside be selected in the selectors 6 and 7 as a 
Synchronization clock signal to transmit the data from the 
transmission shift register circuit 4 and to receive data in the 
reception shift register circuit 5. In this case, the data 
transmission and reception is performed in the transmission 
shift register circuit 4 and the reception shift register circuit 
5 in the same manner as in the conventional Serial data input 
and output device by using the clock Signal CLKinsent from 
the outside as a data shift clock signal. 
0.072 Next, the comparison and coincidence registers 2a 
and 2b, the transmission shift register circuit 4 and the 
reception shift register circuit 5 of the data input and output 
device are described in detail. 

0073 FIG. 3 is a circuit view of each of the comparison 
and coincidence registers 2a and 2b of the data input and 
output device according to the first embodiment. In FIG. 3, 
2 indicates a comparison and coincidence register (or com 
parison and coincidence register circuit) representing the 
comparison and coincidence registers 2a and 2b. 16-bit 
length data is Stored in the comparison and coincidence 
register 2. DB0 to DB15 indicate 16 data buses. The setting 
value corresponding to each shift time is calculated in the 
CPU (not shown) and is sent to the comparison and coin 
cidence register 2 through the data buses DB0 to DB15 as 
16-bit length data. The comparison and coincidence register 
2 is divided into 16 blocks arranged in parallel to each other, 
and each of 16 bit values expressing the Setting value is input 
to the corresponding block. BTB0 to BTB15 indicate a value 
of the count Signal output from the base timer 1, the count 
signal has the value expressed by 16 bit values BTB0 to 
BTB15, and each bit value BTB0, BTB1, - - - , or BTB15 
is input to the corresponding block. 2B indicates a data latch 
arranged in each block. Each bit value of the Setting value 
transmitting through the data buses DB0 to DB15 is latched 
in the data latch 2B. 2A indicates a logical coincidence 
element arranged in each block. A value of a data output 
terminal Q of the data latch 2B and one bit value BTB0, 
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BTB1, - - - , or BTB15 are received in the logical coinci 
dence element 2A, and data Set to “1” is output from the 
logical coincidence element 2A in cases where the value of 
the data output terminal Q of the data latch 2B agrees with 
the bit value BTB0, BTB1, - - - , or BTB15. 2C indicates a 
try state buffer arranged in each block. When a read out 
Signal RD is set to an active State, the value of the data 
output terminal Q of the data latch 2B is output to the data 
bus DB0, DB1, - - -, or DB15. 2D indicates an AND gate. 
In the AND gate 2D, 16 pieces of data output from the 
logical coincidence elements 2A are received, and a coin 
cidence signal CMPACK is output. In cases where the 16 
pieces of data are Set to the same logical value "1", the 
coincidence signal CMPACK is set to the logical value “1”. 
The coincidence signal CMPACK corresponds to the trans 
mission coincidence Signal of the comparison and coinci 
dence register 2a or the reception coincidence Signal of the 
reception and coincidence register 2b. 
0074 Next, an operation of the comparison and coinci 
dence registers 2 will be described below. 
0075) When a write-in signal WR sent from the CPU (not 
shown) is input to a timing input terminal T of each data 
latch 2B, 16 bit values of the Setting value corresponding to 
the shift time are input to data input terminals D of the data 
latches 2B through the data buses DB0 to DB15. Thereafter, 
16 bit values output from the data output terminals Q of the 
data latches 2B are input to the first terminals of the logical 
coincidence elements 2A. Also, when a read-out Signal RD 
sent from the CPU (not shown) is input to the try state 
buffers 2C, the 16 bit values of the data output terminals Q 
of the data latches 2B are output to the data buses DB0 to 
DB15 through the try state buffers 2C. Because the 16 bit 
values of the data output terminals Q of the data latches 2B 
correspond to the Setting value, data Stored in the compari 
Son and coincidence registers 2 can be confirmed. 
0.076 Also, 16 bit values BTB0 to BTB15 indicating the 
count Signal of the base timer 1 are input to the Second 
terminals of the logical coincidence elements 2A. Therefore, 
one bit value of the count signal of the base timer 1 is 
compared with the corresponding bit value of the Setting 
value in each logical coincidence element 2A. When the bit 
value of the count Signal of the base timer 1 agrees with the 
corresponding bit value of the Setting value, data Set to “1” 
(high level) is output from the logical coincidence element 
2A. 

0077. In the AND gate 2D, 16 pieces of data output from 
the logical coincidence elements 2A are received, and a 
logical multiply for the 16 pieces of data is calculated. 
Therefore, in cases where each of the 16 bit values of the 
count Signal of the base timer 1 agrees with the correspond 
ing bit value of the Setting value, the coincidence Signal 
CMPACK set to the logical value “1” (high level) is output 
from the AND gate 2D. In contrast, in cases where at least 
one of the 16 bit values of the count signal of the base timer 
1 does not agree with the corresponding bit value of the 
setting value, the coincidence signal CMPACK set to the 
logical value “0” (low level) is output from the AND gate 
2D. Therefore, the comparison and coincidence register 2 
can function as each of the comparison and coincidence 
registers 2a and 2b. 

0078 FIG. 4 is a circuit view of the transmission shift 
register circuit 4 of the data input and output device accord 
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ing to the first embodiment. In FIG. 4, 4a indicates a 
transmission shift register (or a data shift register circuit) of 
the transmission shift register circuit 4. In the transmission 
shift register 4a, transmission data TxD is output in Syn 
chronization with the coincidence signal CMPACK output 
from the comparison and coincidence register 2 through the 
Selector 6.4b indicates a transmission buffer register (or the 
data shift register circuit) of the transmission shift register 
circuit 4. In the transmission buffer register 4b, transmission 
data of 16-bit length transmitted through the data buses DB0 
to DB15 is temporarily stored. 4c indicates a write-in circuit 
(or the data shift register circuit) of the transmission shift 
register circuit 4. In the write-in circuit 4c, the transmission 
data temporarily Stored in the transmission buffer register 4b 
is written in the transmission shift register 4a. 
0079 4B indicates each of 16 data latches arranged in the 
transmission buffer register 4b. In the data latches 4B, bit 
values of transmission data transmitted through the data 
buses DB0 to DB15 are input to data input terminals D in 
Synchronization with a write-in Signal WR input to timing 
input terminals T, and bit values of transmission data are 
output from data output terminals Q. 
0080 4C indicates each of 16 NOT gates arranged in the 
write-in circuit 4c. Each of bit values of transmission data 
output from the data output terminals Q of the data latches 
4B is received in the corresponding NOT gate 4C, and an 
inverted bit value is output from the NOT gate 4C. 4D 
indicates each of 16 NAND gates arranged in the write-in 
circuit 4c. The inverted bit value of each NOT gate 4C and 
a timing Signal TG2 are received in the corresponding 
NAND gate 4D, and a reset signal is output from the NAND 
gate 4D. 4E indicates each of 16 NAND gates arranged in 
the write-in circuit 4c. Each of bit values of transmission 
data output from the data output terminals Q of the data 
latches 4B and the timing signal TG2 are received in the 
corresponding NAND gate 4-E, and a Set Signal is output 
from the NAND gate 4E. 
0.081 4A indicates each of 16 data latches arranged in the 
transmission shift register 4a. The coincidence Signal 
CMPACK output from the comparison and coincidence 
register 2 is input to a timing input terminal T of each data 
latch 4A, a Signal output from an output terminal Q of the 
data latch 4A is reset to “0” when the reset signal of a logical 
value “1” sent from the NAND gate 4D is input to a reset 
input terminal R, and the Signal output from the output 
terminal Q of the data latch 4A is set to a logical value “0” 
or “1” when a set signal of a logical value “1” sent from the 
NAND gate 4E is input to a set input terminal S. 
0082 Next, an operation of the transmission shift register 
circuit 4 will be described below. 

0083) When a write-in signal WR sent from the CPU (not 
shown) is input to the timing input terminals T of the data 
latches 4B, bit values of transmission data transmitted 
through the data buses DB0 to DB15 are written in the data 
input terminals D of the data latches 4B. Thereafter, the 
transmission data written in the data latches 4B is Sent to the 
NOT gates 4C and NAND gates 4E through the data output 
terminals Q. 

0084. When a timing signal TG2 set to a logical value “1” 
(high level) and a bit value of a logical value “0” (low level) 
sent from the data output terminal Q of each data latch 4B 
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are received in both the corresponding NOT gate 4C and the 
corresponding NAND gate 4E, the bit value of the trans 
mission data sent from the data latch 4B is inverted in the 
NOT gate 4C, and an inverted bit value of a logical value “1” 
(high level) is sent to the corresponding NAND gate 4D. 
Also, a set signal set to a logical value “1” (high level) is 
output from the NAND gate 4E to the corresponding data 
latch 4A. Therefore, a signal output from the output terminal 
Q of the data latch 4A is reset to “0”. In the same manner, 
because the timing Signal TG2 Set to the logical value “1” 
and the inverted bit value of the logical value “1” (high 
level) sent from the NOT gate 4C are received in the NAND 
gate 4D, a reset signal set to a logical value “0” (low level) 
is output from the NAND gate 4D to the data latch 4A. 
Therefore, the Signal output from the output terminal Q of 
the data latch 4A is not reset. 

0085. In contrast, when the timing signal TG2 set to the 
logical value “1” (high level) and a bit value of a logical 
value “1” (high level) sent from the data output terminal Q 
of each data latch 4B are received in both the corresponding 
NOT gate 4C and the corresponding NAND gate 4E, the bit 
value of the transmission data sent from the data latch 4B is 
inverted in the NOT gate 4C, and an inverted bit value of a 
logical value “0” (low level) is sent to the corresponding 
NAND gate 4D. Also, a set signal set to a logical value “0” 
(low level) is output from the NAND gate 4E to the 
corresponding data latch 4A. Therefore, a Signal output from 
the output terminal Q of the data latch 4A is set to “1”. In 
the same manner, because the timing Signal TG2 Set to the 
logical value “1” and the inverted bit value of the logical 
value “0” (low level) sent from the NOT gate 4C are 
received in the NAND gate 4D, a reset Signal Set to a logical 
value “1” (high level) is output from the NAND gate 4D to 
the data latch 4A. Therefore, the signal output from the 
output terminal Q of the data latch 4A is maintained. 
0086 AS is described above, the output terminal Q of 
each data latch 4A is set to the logical value “0” or “1” SO 
as to write the transmission data of the transmission buffer 
register 4b in the transmission shift register 4a. When the 
output terminals Q of all the data latches 4A are set to the 
logical value “0” or “1” according to the transmission data 
of the transmission buffer register 4b, the data transmission 
from the transmission shift register 4a is started. In detail, 
when the value of the count Signal of the base timer 1 agrees 
with the Setting value of the comparison and agreement 
register 2, the coincidence signal CMPCK of the logical 
value “1” is Sent from the comparison and agreement 
register 2 to the transmission shift register 4a through the 
Selector 6. Thereafter, each time the coincidence Signal 
CMPCK of the logical value “1” is input to the timing input 
terminals T of the data latches 4A, a shift operation is 
performed in the transmission shift register 4a, and the 
transmission data TXD is output. 
0087 FIG. 5 is a circuit view of the reception shift 
register circuit 5 of the data input and output device accord 
ing to the first embodiment. In FIG. 5, 5a indicates a 
reception shift register (or a data shift register circuit) of the 
reception shift register circuit 5. In the reception shift 
register 5a, each of bit values of reception data RxDin is 
repeatedly received and shifted in Synchronization with the 
coincidence Signal CMPCK of the comparison and agree 
ment register 2, and the reception data RxDin Stored by 
performing a prescribed number of shift operations is out 
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put. 5b indicates a reception buffer register (or the data shift 
register circuit) of the reception shift register circuit 5. In the 
reception buffer register 5b, the reception data RxDin 
received in the reception shift register 5a is Stored. That is, 
when a reception completion timing Signal TG1 indicating 
the reception completion of the reception data RxDin is 
received in the reception buffer register 5b, the reception 
data RxDin is received from the reception shift register 5a 
and is Stored. 

0088 5A indicates each of a plurality of data latches of 
the reception shift register 5a. When the coincidence Signal 
CMPCK of the comparison and agreement register 2 is 
received in timing input terminals T of the data latches 5A, 
the bit values of the reception data RxDin are received in 
data input terminals D of the data latches 5A. 5B indicates 
each of a plurality of data latches of the reception buffer 
register 5b. When the reception completion timing Signal 
TG1 is received in timing input terminals T of the data 
latches 5B, the bit values of the reception data RxDin 
received in the reception shift register 5a are input to data 
input terminals D of the data latches 5B. 
0089 Next, an operation of the reception shift register 
circuit 5 will be described below. 

0090 When the reception coincidence signal CMPCK of 
a logical value “1” (high level), which is produced in the 
comparison and agreement register 2 and is Selected in the 
selector 7, is received in the timing input terminals T of the 
data latches 5A of the reception shift register 5a, each of the 
bit values of the reception data RxDin is repeatedly received 
in the data input terminal D of the top data latch 5A while 
performing a shift operation in each data latch 5A, and the 
bit values of the reception data RxDin are written in the data 
latches 5A. Thereafter, when a prescribed number of shift 
operations are performed in the data latches 5A, the CPU 
(not shown) detects the reception completion of the recep 
tion data RxDin and Sends the reception completion timing 
Signal TG1 to the timing input terminalsT of the data latches 
5B of the reception buffer register 5b, and the bit values of 
the reception data RxDin written in the data latches 5A are 
output from data output terminals Q of the data latches 5A 
and are input to the data input terminals D of the data latches 
5B of the reception buffer register 5b. Therefore, the recep 
tion data RxDin received in the reception shift register 5a is 
stored in the reception buffer register 5b. 

0.091 AS is described above, in the first embodiment, 
each time the value of the count Signal of the base timer 1 
agrees with the Setting value which corresponds to one shift 
time (or transmission or reception timing) of data in the 
transmission shift register circuit 4 or the reception shift 
register circuit 5 and is Stored in the transmission compari 
Son and coincidence register 2a or the reception comparison 
and coincidence register 2b, the transmission coincidence 
Signal or the reception coincidence Signal is output to the 
transmission shift register circuit 4 or the reception shift 
register circuit 5, and the data transmission or the data 
reception is performed in the transmission shift register 
circuit 4 or the reception shift register circuit 5. Accordingly, 
the data transmission and reception timing in the transmis 
Sion shift register circuit 4 and the reception shift register 
circuit 5 can be freely changed by Setting a desired Setting 
value in the transmission comparison and coincidence reg 
ister 2a and the reception comparison and coincidence 
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register 2b. Also, the timer function of the base timer 1 can 
be used to transmit and receive data, and the number of 
elements required in the data input and output device can be 
reduced in hardware. 

0092 Also, in the first embodiment, the transmission 
coincidence Signal and/or the reception coincidence Signal 
output from the transmission comparison and coincidence 
register 2a and/or the reception comparison and coincidence 
register 2b are received in the RS flip-flop 3, and the clock 
signal CLKout is output from the RS flip-flop 3 to perform 
the data transmission and reception. Accordingly, the clock 
Signal CLKOut of the data transmission and reception can be 
freely changed by Setting a desired Setting value in the 
transmission comparison and coincidence register 2a and/or 
the reception comparison and coincidence register 2b. Also, 
the timer function of the base timer 1 can be used to transmit 
and receive data, and the number of elements required in the 
data input and output device can be reduced in hardware. 
0.093 Embodiment 2 
0094 FIG. 6 is a block diagram showing the configura 
tion of a data input and output device according to a Second 
embodiment of the present invention. In FIG. 6, 6a indicates 
a Selector (or a clock Selecting circuit). In the Selector 6a, 
either a clock signal CLKin Sent from the outside or the 
clock signal CLKout output from the RS flip-flop 3 is 
Selected as a data shift clock signal and is Sent to the 
transmission shift register circuit 4. 7a indicates a Selector 
(or the clock Selecting circuit). In the Selector 7a, either the 
clock signal CLKinsent from the outside or the clock signal 
CLKout output from the RS flip-flop 3 is selected as a data 
shift clock signal and is Sent to the reception shift register 
circuit 5. The constituent elements, which are the Same as 
those shown in FIG. 1, are indicated by the same reference 
numerals as those of the constituent elements shown in FIG. 
1, and additional description of these constituent elements is 
omitted. 

0095 Next, an operation of the data input and output 
device will be described below. 

0096 FIG. 7 is a timing chart of the data transmission 
and reception performed in the data input and output device 
according to the Second embodiment. 
0097. In the second embodiment, the data transmission 
and reception is performed in Synchronization with the clock 
Signal CLKout produced in the data input and output device. 
That is, the clock signal CLKout produced in the RS flip-flop 
3 is selected in the selectors 6a and 7a and is output to the 
transmission shift register circuit 4 and the reception shift 
register circuit 5. Also, because a Synchronization clock 
Signal is required on a reception side (or a transmission side) 
to perform the data transmission and reception between the 
transmission and reception sides, the clock signal CLKout 
produced in the RS flip-flop 3 of the transmission side (or the 
reception Side) is used on the reception side (or the trans 
mission Side). 
0098. In the RS flip-flop 3, when the transmission coin 
cidence Signal Set to “1” is received from the comparison 
and coincidence register 2a, a logical value of a signal 
output from the output terminal of the RS flip-flop 3 is reset 
to “0”. Also, when the reception coincidence Signal Set to 
“1” is received from the comparison and coincidence reg 
ister 2b, a logical value of a signal output from the output 
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terminal of the RS flip-flop 3 is set to “1”. Therefore, a clock 
signal CLKout having the logical values “0” and “1” is 
produced in the RS flip-flop 3 according to the transmission 
coincidence Signal and the reception coincidence Signal. 
0099. In detail, a value V1 of a count signal to be output 
from the base timer 1 at a time T1 corresponding to a trailing 
edge of the clock signal CLKout is calculated in advance in 
the CPU (not shown), and the value V1 is stored in the 
comparison and coincidence register 2a as a Setting value 
before the time T1 of the trailing edge. The value V1 is 
indicated by a circle Symbol placed on a count Signal of the 
base timer shown in FIG. 7. Also, a value V2 of a count 
signal to be output from the base timer 1 at a time T2 
corresponding to a leading edge of the clock signal CLKout 
is calculated in advance in the CPU (not shown), and the 
value V2 is Stored in the comparison and coincidence 
register 2b as a setting value before the time T2 of the 
leading edge. The value V2 is indicated by a Star Symbol 
placed on the count signal of the base timer shown in FIG. 
7. 

0100. The data transmission performed on the transmis 
sion side is initially described. In the example shown in FIG. 
7, the data transmission is performed in Synchronization 
with each trailing edge of the clock signal CLKout of the RS 
flip-flop 3. 
0101 The base timer 1 starts the count operation by using 
a control Signal Sent from the CPU as a trigger, and the value 
of the count Signal is reset to Zero for each count resetting 
time, and the value of the count Signal is output to the 
comparison and coincidence registers 2a and 2b for each 
prescribed time. In the comparison and coincidence register 
2a, the value of the count Signal is compared with the Setting 
value, and the transmission coincidence Signal Set to “1” is 
output to the RS flip-flop 3 each time the value of the count 
Signal agrees with the Setting value. Also, in the comparison 
and coincidence register 2b, the value of the count Signal is 
compared with the Setting value, and the reception coinci 
dence signal set to “1” is output to the RS flip-flop 3 each 
time the value of the count Signal agrees with the Setting 
value. Therefore, the clock signal CLKOut is produced in the 
RS flip-flop 3. In addition, each of the transmission coinci 
dence Signal Set to “1” and the reception coincidence Signal 
set to “1” is sent to the CPU (not shown) as an interruption 
request Signal. 
0102) In the selector 6a, a clock signal CLKinsent from 
the outside and the clock signal CLKout produced in the RS 
flip-flop 3 are received, and the clock signal CLKout is 
Selected. Thereafter, the clock signal CLKout is Sent to the 
transmission shift register circuit 4. When the clock signal 
CLKout is received in the transmission shift register circuit 
4, a shift operation is performed in the transmission shift 
register circuit 4 in Synchronization with the trailing edge of 
the clock signal CLKOut, and transmission data Sout is 
output from the transmission shift register circuit 4. There 
after, the CPU, which receives the transmission coincidence 
Signal as the interruption request Signal, writes a value V3 of 
a count Signal at a time T3, which corresponds to a next 
trailing edge of the clock signal CLKout, in the comparison 
and coincidence register 2a as another Setting value. The 
value V3 is indicated by a next circle symbol placed on the 
count signal of the base timer shown in FIG. 7. A time 
interval between each pair of trailing edges adjacent to each 
other is Set to a constant value. 
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0103). Accordingly, in cases where the writing of the 
Setting value and the comparison and coincidence between 
the Setting value and the value of the count Signal are 
repeated, the shift operations can be performed in the 
transmission shift register circuit 4 at a constant repetition 
period, and the transmission data Sout can be output from 
the data input and output device at the constant repetition 
period. 
0104. Also, in cases where the setting value correspond 
ing to each shift time of the transmission shift register circuit 
4 is freely Set and is Stored in the comparison and coinci 
dence register 2a according to a data transmission and 
reception program executed in the CPU, the shift operations 
can be performed at a desired repetition period in the 
transmission shift register circuit 4, and the transmission 
data Sout can be output from the data input and output 
device at the desired repetition period. 
0105 Next, the data reception performed on the reception 
Side is described. In this embodiment, the clock signal 
CLKout of the RS flip-flop 3 is used as a synchronization 
clock signal to perform the data reception. Therefore, recep 
tion data is transmitted from the transmission side in Syn 
chronization with the clock signal CLKout produced on the 
reception side. Also, in the sample shown in FIG. 7, the data 
reception is performed in Synchronization with each leading 
edge of the clock signal CLKout produced in the RS flip-flop 
3 

0106 The clock signal CLKout is produced in the RS 
flip-flop 3 in the same manner as in the data transmission. In 
the selector 7a, the clock signal CLKinsent from the outside 
and the clock signal CLKout produced in the RS flip-flop 3 
are received, and the clock signal CLKout is Selected. 
Thereafter, the clock signal CLKout is Sent to the reception 
shift register circuit 5. When the clock signal CLKout is 
received in the reception shift register circuit 5, a shift 
operation is performed in the reception shift register circuit 
5 in Synchronization with the leading edge of the clock 
Signal CLKout, and reception data Sin is received and 
Sampled in the reception shift register circuit 5. Thereafter, 
the CPU, which receives the reception coincidence Signal as 
the interruption request Signal, writes a value V4 of a count 
Signal, which corresponds to a time T4 of a next leading 
edge of the clock Signal CLKout, in the comparison and 
coincidence register 2b as another Setting value. The value 
V4 is indicated by a next star symbol placed on the count 
signal of the base timer shown in FIG. 7. 
0107 Accordingly, in cases where the writing of the 
Setting value and the comparison and coincidence between 
the Setting value and the value of the count Signal are 
repeated, the shift operations can be performed in the 
reception shift register circuit 5 at a constant repetition 
period, and the reception data Sin can be received and 
Sampled at a constant repetition period. 
0108. Also, in cases where the setting value correspond 
ing to each shift time of the transmission shift register circuit 
4 is freely Set and is Stored in the comparison and coinci 
dence register 2b according to a data transmission and 
reception program executed in the CPU, the shift operations 
can be performed at a desired repetition period in the 
reception shift register circuit 5, and the reception data Sin 
can be received and Sampled at the desired repetition period. 
0109) Also, the clock signal CLKout produced in the RS 
flip-flop 3 of the transmission side (or the reception side) is 
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used as a Synchronization clock signal on the transmission 
and reception Sides to transmit and receive the data. How 
ever, it is applicable that the clock signal CLKin Sent from 
the outside be selected in the selectors 6a and 7a as a 
Synchronization clock signal to transmit the data from the 
transmission shift register circuit 4 and to receive data in the 
reception shift register circuit 5. In this case, the data 
transmission and reception is performed in the transmission 
shift register circuit 4 and the reception shift register circuit 
5 in the same manner as in the conventional Serial data input 
and output device by using the clock Signal CLKinsent from 
the outside as a data shift clock signal. 
0110 AS is described above, in the second embodiment, 
each time the value of the count Signal of the base timer 1 
agrees with the Setting value which corresponds to a cycle of 
a Synchronization clock signal and is Stored in the transmis 
Sion comparison and coincidence register 2a, the transmis 
Sion coincidence signal is output from the transmission 
comparison and coincidence register 2a and is received in 
the RS flip-flop 3. Also, each time the value of the count 
Signal of the base timer 1 agrees with the Setting value which 
corresponds to the cycle of the Synchronization clock signal 
and is Stored in the reception comparison and coincidence 
register 2b, the reception coincidence Signal is output from 
the reception comparison and coincidence register 2b and is 
received in the RS flip-flop 3. Therefore, the clock signal 
CLKout is produced in the RS flip-flop 3, and the data 
transmission and reception is performed in the shift registers 
4 and 5 by using the clock Signal CLKout as a data shift 
clock signal. Accordingly, the data transmission and recep 
tion timing in the transmission shift register circuit 4 and the 
reception shift register circuit 5 can be freely changed by 
Setting a desired Setting value in the transmission compari 
Son and coincidence register 2a and the reception compari 
Son and coincidence register 2b. Also, the timer function of 
the base timer 1 can be used to transmit and receive data, and 
the number of elements required in the data input and output 
device can be reduced in hardware. 

0111. In the first and second embodiments, the setting 
value Stored in each of the comparison and coincidence 
registers 2a and 2b is rewritten by performing the interrup 
tion operation of the CPU. However, it is applicable that the 
Setting value be rewritten to another Setting value Stored in 
a storing unit according to a direct memory access transfer 
function without using the CPU. In this case, the load given 
to the CPU in the setting operation for the comparison and 
coincidence registers 2a and 2b can be reduced. 
0112 Embodiment 3 
0113 FIG. 8 is a block diagram showing the configura 
tion of a data input and output device according to a third 
embodiment of the present invention. In FIG. 8, 1a indicates 
a base timer (or a timer circuit). In the base timer 1a, when 
the transmission coincidence Signal Set to the logical value 
“1” (high level) is received from the comparison and coin 
cident register 2a, the count Signal, of which the value is 
counted in the base timer 1a, is cleared to Zero. The 
constituent elements, which are the same as those shown in 
FIG. 1, are indicated by the same reference numerals as 
those of the constituent elements shown in FIG. 1, and 
additional description of these constituent elements is omit 
ted. 

0114) Next, an operation of the data input and output 
device will be described below. 
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0.115. In the third embodiment, the data transmission and 
reception is performed in Synchronization with the clock 
Signal CLKout produced in the data input and output device. 
That is, the transmission coincidence Signal of the compari 
Son and coincident register 2a is Selected in the Selector 6 
and is Sent to the transmission shift register circuit 4, and the 
reception coincidence Signal of the comparison and coinci 
dent register 2b is selected in the selector 7 and is sent to the 
reception shift register circuit 5. 

0116 FIG. 9 is a timing chart of the data transmission 
and reception performed in the data input and output device 
according to the third embodiment. 
0117 The data transmission performed on the transmis 
sion side is initially described. The CPU (not shown) writes 
a Setting value, which corresponds to a shift time of the 
transmission shift register circuit 4, in the comparison -and 
coincidence register 2a. In detail, a value V1 of a count 
signal to be output from the base timer 1 at a first shift time 
is calculated in advance in the CPU, and the value V1 is 
initially Stored in the comparison and coincidence register 
2a as a Setting value. 
0118. Thereafter, a count operation of the base timer 1 is 
Started by using a control Signal Sent from the CPU as a 
trigger, and the value of the count Signal is output to the 
comparison and coincidence register 2a for each prescribed 
time. In the comparison and coincidence register 2a, the 
value of the count Signal is compared with the Setting value. 
When the value of the count Signal agrees with the Setting 
value, the transmission coincidence signal set to “1” is 
output from the comparison and coincidence register 2a to 
the base timer 1a, the RS flip-flop 3 and the selector 6. 
0119). In the selector 6, the transmission coincidence 
Signal is Selected from a clock Signal CLKin Sent from the 
outside and the transmission coincidence Signal, and the 
transmission coincidence Signal is Sent to the transmission 
shift register circuit 4. When the transmission coincidence 
Signal is received in the transmission shift register circuit 4, 
a shift operation is performed in the transmission shift 
register circuit 4, and transmission data Sout is output from 
the <transmission shift register circuit 4. 
0120 Also, when the transmission coincidence signal set 
to “1” is received in the base timer 1a, the value of the count 
Signal is cleared to Zero in the base timer 1a. Thereafter, the 
counting operation of the base timer 1a is restarted without 
changing the Setting value Stored in the comparison and 
coincidence register 2a, and the comparison and coincidence 
between the Setting value and the value of the count Signal 
is repeated. That is, each time the value of the count Signal 
reaches the Setting value, the value of the count Signal is 
cleared to fix each time period from a restart time of the 
increment of the value of the count Signal to a shift time of 
the shift operation of the transmission shift register circuit 4. 
Therefore, it is not required for the CPU to write another 
Setting value corresponding to a next shift time in the 
comparison and coincidence register 2a. That is, the data 
transmission can be performed without changing the Setting 
value initially Stored in the comparison and coincidence 
register 2a. 

0121 Therefore, in cases where the comparison and 
coincidence between the Setting value and the value of the 
count Signal and the clearing of the count Signal in response 
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to the reception of the transmission coincidence Signal Set to 
“1” are repeated, the shift operations can be performed in the 
transmission shift register circuit 4 at a constant repetition 
period without changing the Setting value, and the transmis 
Sion data Sout can be output from the data input and output 
device at the constant repetition period. 
0122) In cases where the transmission data Sout is 
received on a reception Side, a Synchronization clock signal 
is required on the reception Side. In this embodiment, the 
clock signal CLKout produced in the RS flip-flop 3 of the 
transmission Side is used as the Synchronization clock signal 
on the reception side. In this case, because the CPU of the 
reception side receives the clock signal CLKoutin which the 
shift times of the shift operations of the transmission shift 
register circuit 4 of the transmission Side are recorded, the 
shift time of each shift operation of the reception shift 
register circuit 5 of the reception side is, for example, Set by 
the CPU to a middle time between each pair of adjacent shift 
times of the Shift operations of the transmission shift register 
circuit 4 of the transmission Side, and the Setting value 
corresponding to the shift time of each shift operation of the 
reception shift register circuit 5 of the reception Side is 
Stored in the comparison and coincident register 2b under 
control of the CPU. 

0123. Accordingly, in cases where the Setting value cor 
responding to a desired shift time of the transmission shift 
register circuit 4 is initially Set in the comparison and 
coincidence register 2a, the shift operations can be always 
performed at the desired shift time in the transmission shift 
register circuit 4 to output the transmission data Sout from 
the data input and output device. 
0.124. Next, the data reception performed on the reception 
Side is described. Because the clock signal CLKout pro 
duced in the RS flip-flop 3 of the reception side is used as 
a Synchronization clock signal of the data reception per 
formed on the reception Side, the reception data Sin is sent 
from the transmission shift register circuit 4 of the trans 
mission Side to the reception shift register circuit 5 of the 
reception side in Synchronization with the clock signal 
CLKout produced on the reception side. Also, the CPU (not 
shown) of the reception side writes a setting value corre 
sponding to each shift time of the reception shift register 
circuit 5 in the comparison and coincidence register 2b 
according to the clock Signal CLKout. In detail, a value V2 
of a count Signal, which is to be output from the base timer 
1 at a shift time of the shift operation of the reception shift 
register circuit 5, is calculated in advance in the CPU, and 
the value V2 is Stored in the comparison and coincidence 
register 2b as a Setting value. The value V2 is indicated by 
a Star Symbol which is placed on the count Signal of the base 
timer shown in FIG. 9. 

0.125 Thereafter, a count operation of the base timer 1 is 
Started by using a control Signal Sent from the CPU as a 
trigger, and the value of the count Signal is output to the 
comparison and coincidence register 2b for each prescribed 
time. In the comparison and coincidence register 2b, the 
value of the count Signal is compared with the Setting value. 
When the value of the count Signal agrees with the Setting 
value, the reception coincidence Signal Set to “1” is output 
from the comparison and coincidence register 2b to the RS 
flip-flop 3 and the Selector 7. Also, the reception coincidence 
Signal is sent to the CPU (not shown) as an interruption 
request Signal. 
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0.126 In the selector 7, a clock signal CLKin sent from 
the outside and the reception coincidence Signal are 
received, and the reception coincidence signal is Selected 
and sent to the reception shift register circuit 5. When the 
reception coincidence Signal is received in the reception 
shift register circuit 5, a shift operation is performed in the 
reception shift register circuit 5, and reception data Sin is 
received and sampled. Thereafter, the CPU, which receives 
the interruption request Signal, writes a value V3 of the count 
Signal, which is to be output from the base timer 1a at a next 
shift time of the reception shift register circuit 5, in the 
comparison and coincidence register 2b. The value V3 is 
indicated by a neXt Star Symbol which is placed on the count 
signal of the base timer shown in FIG. 9. A time interval 
between each pair of Shift times adjacent to each other is Set 
to a constant value. 

0127. Therefore, in cases where the writing of the setting 
value and the comparison and coincidence between the 
Setting value and the value of the count Signal are repeated, 
the shift operations can be performed in the reception shift 
register circuit 5 at a constant repetition period, and the 
reception data Sin can be received and Sampled at the 
constant repetition period. 

0128. In cases where the reception data Sin is transmitted 
from a transmission Side, a Synchronization clock signal is 
required on the transmission side. In this embodiment, the 
clock signal CLKout produced in the RS flip-flop 3 of the 
reception side is used as the Synchronization clock Signal on 
the transmission side. In this case, because the CPU of the 
transmission Side receives the clock signal CLKout in which 
the shift times of the shift operations of the reception shift 
register circuit 5 of the reception Side are recorded, the shift 
time of each shift operation of the transmission shift register 
circuit 4 of the transmission side is, for example, Set by the 
CPU to a middle time between each pair of adjacent shift 
times of the shift operations of the reception shift register 
circuit 5 of the reception Side, and the Setting value corre 
sponding to the shift time of each shift operation of the 
transmission shift register circuit 4 of the transmission side 
is Stored in the comparison and coincident register 2a under 
control of the CPU. 

0129. Accordingly, in cases where the setting value cor 
responding to each shift time of the transmission shift 
register circuit 4 is freely Set and is Stored in the comparison 
and coincidence register 2b according to a data transmission 
and reception program executed in the CPU, the shift 
operations can be performed at a desired repetition period in 
the reception shift register circuit 5, and the reception data 
Sin can be received and Sampled at the desired repetition 
period. Therefore, even though the reception data Sin is 
transmitted from the transmission Side to the reception side 
without Synchronizing with the clock Signal CLKout, the 
reception data Sin can be correctly received by appropriately 
changing the Setting values which correspond to the shift 
times and are written in the comparison and coincident 
register 2b. 

0.130. Also, the clock signal CLKout produced in the RS 
flip-flop 3 of the transmission side (or the reception side) is 
used as a Synchronization clock signal on the transmission 
and reception sides to transmit and receive the data. How 
ever, it is applicable that the clock signal CLKin Sent from 
the outside be selected in the selectors 6 and 7 as a 
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Synchronization clock signal to transmit the data from the 
transmission shift register circuit 4 and to receive data in the 
reception shift register circuit 5. In this case, the data 
transmission and reception is performed in the transmission 
shift register circuit 4 and the reception shift register circuit 
5 in the same manner as in the conventional Serial data input 
and output device by using the clock Signal CLKinsent from 
the outside as a data shift clock signal. 
0131 AS is described above, in the third embodiment, the 
value of the count Signal is cleared to Zero by the base timer 
1a each time the transmission coincidence Signal Set to “1” 
is Sent from the transmission comparison and coincident 
register 2a to the base timer 1a. Accordingly, the number of 
interruption operations performed by the CPU can be 
reduced. Also, the data transmission and reception timing in 
the transmission shift register circuit 4 and the reception 
shift register circuit 5 can be freely changed by Setting a 
desired Setting value in the transmission comparison and 
coincidence register 2a and the reception comparison and 
coincidence register 2b. Also, the timer function of the base 
timer 1a can be used to transmit and receive data, and the 
number of elements required in the data input and output 
device can be reduced in hardware. 

0.132. In the third embodiment, the value of the count 
Signal is cleared to Zero in Synchronization with the output 
ting of the transmission coincidence Signal of the compari 
Son and coincidence register 2a. However, it is applicable 
that the value of the count Signal be cleared to Zero in 
Synchronization with the outputting of the reception coin 
cidence Signal of the comparison and coincidence register 
2b. 

0.133 Also, in the third embodiment, the setting value 
Stored in the comparison and coincidence register 2b is 
rewritten each time a shift operation is performed in the 
reception shift register 5. However, it is applicable that the 
shift operations of the reception shift register circuit 5 be 
performed at Shift times corresponding to the Same Setting 
value Stored in the comparison and coincidence register 2b 
in the same manner as the Shift operations of the transmis 
Sion shift register circuit 4. In this case, the shift operations 
can be performed in the reception shift register 5 according 
to the Setting value initially Stored in the comparison and 
coincidence register 2b without changing the Setting value. 
0134 Embodiment 4 
0135 FIG. 10 is a block diagram showing the configu 
ration of a data input and output device according to a fourth 
embodiment of the present invention. In FIG. 10, 11 indi 
cates an edge detecting unit. In cases where a failure occurs 
in the data reception of the reception data Sin So as to Stop 
the data reception in the reception shift register circuit 5, a 
trailing edge of the reception data Sin is detected in the edge 
detecting unit 11, and a trailing edge Signal Set to a logical 
value “1” (high level) is output from the edge detecting unit 
11. 8 indicates an OR gate. In the OR gate 8, a logical sum 
of the transmission coincidence Signal of the comparison 
and coincidence register 2a and a value of the trailing edge 
Signal output from the edge detecting unit 11 is calculated, 
and the logical Sum is Sent to the base timer 1a. The 
constituent elements, which are the same as those shown in 
FIG. 1, are indicated by the same reference numerals as 
those of the constituent elements shown in FIG. 1, and 
additional description of these constituent elements is omit 
ted. 
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0.136) Next, an operation of the data input and output 
device will be described below. 

0.137 In the fourth embodiment, the data transmission 
and reception is performed in Synchronization with the clock 
Signal CLKout produced in the data input and output device. 
That is, the transmission coincidence signal produced in the 
comparison and coincidence register 2a is Selected in the 
SelectorS 6 and is Sent to the transmission shift register 
circuit 4, and the reception coincidence Signal produced in 
the comparison and coincidence register 2b is Selected in the 
Selectors 7 and is Sent to the reception shift register circuit 
5. Also, because a Synchronization clock signal is required 
on a reception side (or a transmission Side) to perform the 
data transmission and reception between the transmission 
and reception sides, the clock Signal CLKout produced in the 
RS flip-flop 3 of the transmission side (or the reception side) 
is used on the reception side (or the transmission side). 
0.138 FIG. 11 is a timing chart of the data transmission 
and reception performed in the data input and output device 
according to the fourth embodiment. 
0.139. The data transmission performed on the transmis 
sion side is initially described. The CPU (not shown) writes 
a Setting value corresponding to a shift time of the trans 
mission shift register circuit 4 in the comparison and coin 
cidence register 2a. In detail, a value V1 of a count Signal to 
be output from the base timer 1a at a shift time is calculated 
in advance in the CPU, and the value V1 is stored in the 
comparison and coincidence register 2a as a Setting value. 
The value V1 is indicated by a circle symbol which is placed 
on the count signal of the base timer shown in FIG. 11. 
0140. Thereafter, a count operation of the base timer 1a 
is started by using a control Signal Sent from the CPU as a 
trigger, and the value of the count Signal is output to the 
comparison and coincidence register 2a for each prescribed 
time. In the comparison and coincidence register 2a, the 
value of the count Signal is compared with the Setting value. 
When the value of the count Signal agrees with the Setting 
value, the transmission coincidence Signal Set to “1” is 
output from the comparison and coincidence register 2a to 
the RS flip-flop 3, the selector 6 and the OR gate 8. 

0.141. In the selector 6, the transmission coincidence 
Signal is Selected from a clock Signal CLKin Sent from the 
outside and the transmission coincidence Signal, and the 
transmission coincidence Signal is Sent to the transmission 
shift register circuit 4. When the transmission coincidence 
Signal is received in the transmission shift register circuit 4, 
a shift operation is performed in the transmission shift 
register circuit 4, and transmission data Sout is output from 
the transmission shift register circuit 4. 
0142. Also, when the transmission coincidence signal set 
to “1” is received in the OR gate 8, an output signal set to 
a logical value “1” (high level) is sent from the OR gate 8 
to the base timer 1a regardless of whether a value of the 
trailing edge Signal output from the edge detecting unit 11 is 
set to “1”. When the output signal set to the logical value “1” 
is received in the base timer 1a, the value of the count Signal 
is cleared to zero in the base timer 1a. Thereafter, the 
counting operation of the base timer 1a is restarted without 
changing the Setting value Stored in the comparison and 
coincidence register 2a, and the comparison and coincidence 
between the Setting value and the value of the count Signal 
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is repeated. That is, each time period from a restart time of 
the increment of the value of the count Signal to a shift time 
of the shift operation of the transmission shift register circuit 
4 is fixed in the same manner as in the third embodiment. 

0143) Therefore, it is not required for the CPU to write 
another Setting value corresponding to a next shift time in 
the comparison and coincidence register 2a. That is, the data 
transmission can be performed without changing the Setting 
value initially Stored in the comparison and coincidence 
register 2a. 
0144. Accordingly, in cases where the comparison and 
coincidence between the Setting value and the value of the 
count Signal and the clearing of the count Signal in response 
to the reception of the transmission coincidence Signal Set to 
“1” are repeated, the shift operations can be performed in the 
transmission shift register circuit 4 at a constant repetition 
period without changing the Setting value, and the transmis 
Sion data Sout can be output from the data input and output 
device at the constant repetition period. 
0145 Also, in cases where the setting value correspond 
ing to a desired shift time of the transmission shift register 
circuit 4 is initially Set in the comparison and coincidence 
register 2a, the Shift operations can be always performed at 
the desired shift time in the transmission shift register circuit 
4 to output the transmission data Sout from the data input 
and output device. 
0146) Next, the data reception performed on the reception 
Side is described. Because the clock signal CLKout pro 
duced in the RS flip-flop 3 of the reception side is used as 
a Synchronization clock signal of the data reception per 
formed on the reception Side, the reception data Sin is sent 
from the transmission shift register circuit 4 of the trans 
mission Side to the reception shift register circuit 5 of the 
reception side in Synchronization with the clock signal 
CLKout produced on the reception side. Also, the CPU (not 
shown) of the reception side writes a setting value corre 
sponding to a shift time of the reception shift register circuit 
5 in the comparison and coincidence register 2b according to 
the clock signal CLKout. In detail, a value V2 of a count 
Signal, which is to be output from the base timer 1a at a shift 
time of the shift operation of the reception shift register 
circuit 5, is calculated in advance in the CPU, and the value 
V2 is Stored in the comparison and coincidence register 2b 
as a Setting value. The value V2 is indicated by a Star Symbol 
which is placed on the count Signal of the base timer shown 
in FG 11. 

0147 Thereafter, a count operation of the base timer 1a 
is started by using a control Signal Sent from the CPU as a 
trigger, and the value of the count Signal is output to the 
comparison and coincidence register 2b for each prescribed 
time. In the comparison and coincidence register 2b, the 
value of the count Signal is compared with the Setting value. 
When the value of the count Signal agrees with the Setting 
value, the reception coincidence Signal Set to “1” is output 
from the comparison and coincidence register 2b to the RS 
flip-flop 3 and the Selector 7. Also, the reception coincidence 
Signal is sent to the CPU (not shown) as an interruption 
request Signal. 

0.148. In the selector 7, the reception coincidence signal 
is selected from both a clock signal CLKin sent from the 
outside and the reception coincidence Signal, and the recep 
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tion coincidence Signal is Sent to the reception shift register 
circuit 5. When the reception coincidence Signal is received 
in the reception shift register circuit 5, a shift operation is 
performed in the reception shift register circuit 5, and 
reception data Sin is received and Sampled through the edge 
detecting unit 11. 

0149. In this case, when a failure occurs in the reception 
of the reception data Sin So as to temporarily Stop the data 
reception in the reception shift register circuit 5, the value of 
the count Signal counted in the base timer 1a is cleared, the 
counting operation of the base timer 1a is restarted, and the 
comparison and coincidence between the Setting value of the 
comparison and coincident register 2b and the value of the 
count Signal is again performed. Therefore, even though a 
failure occurs in the reception of the reception data Sin, the 
reception of the reception data Sin can be performed in the 
reception shift register circuit 5 while Synchronizing the 
reception timing of the reception data Sin with the trans 
mission timing of the reception data Sin on the transmission 
Side. 

0150. In detail, when a failure occurs in the reception of 
the reception data Sin, a trailing edge of the reception data 
Sin is detected in the edge detecting unit 11, a trailing edge 
Signal set to a logical value “1” (high level) is output from 
the edge detecting unit 11 to the OR gate 8, and an output 
Signal set to a logical value “1” (high level) is sent from the 
OR gate 8 to the base timer 1a regardless of whether the 
transmission coincidence Signal Sent from the comparison 
and coincidence register 2a is set to “1”. 
0151. Therefore, each time a trailing edge of the recep 
tion data Sin is detected in the edge detecting unit 11, the 
value of the count Signal is cleared to Zero in the base timer 
1a, and the counting operation of the base timer 1a is 
restarted to again perform the comparison and coincidence 
between the Setting value of the comparison and coincident 
register 2b and the value of the count Signal. 
0152 Thereafter, the CPU, which receives the interrup 
tion request Signal, writes a value V3 of the count Signal, 
which is to be output from the base timer 1a at a next shift 
time of the reception shift register circuit 5, in the compari 
son and coincidence register 2b. The value V3 is indicated 
by a neXt Star Symbol which is placed on the count Signal of 
the base timer shown in FIG. 11. A time interval between 
each pair of shift times adjacent to each other is Set to a 
constant value. 

0153. Therefore, in cases where the writing of the setting 
value and the comparison and coincidence between the 
Setting value and the value of the count Signal are repeated, 
the shift operations can be performed in the reception shift 
register circuit 5 at a constant repetition period, and the 
reception data Sin can be received and Sampled at the 
constant repetition period. 

0154 Also, in cases where the setting value correspond 
ing to each shift time of the transmission shift register circuit 
4 is freely Set and is Stored in the comparison and coinci 
dence register 2b according to a data transmission and 
reception program executed in the CPU, the shift operations 
can be performed at a desired repetition period in the 
reception shift register circuit 5, and the reception data Sin 
can be received and Sampled at the desired repetition period. 
Therefore, even though the reception data Sin is transmitted 
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from the transmission Side to the reception side without 
Synchronizing with the clock Signal CLKout, the reception 
data Sin can be correctly received by appropriately changing 
the Setting values which correspond to the shift times and are 
written in the comparison and coincident register 2b. 
O155 Also, the clock signal CLKout produced in the RS 
flip-flop 3 of the transmission side (or the reception side) is 
used as a Synchronization clock signal on the transmission 
and reception Sides to transmit and receive the data. How 
ever, it is applicable that the clock signal CLKin Sent from 
the outside be selected in the selectors 6 and 7 as a 
Synchronization clock signal to transmit the data from the 
transmission shift register circuit 4 and to receive data in the 
reception shift register circuit 5. In this case, the data 
transmission and reception is performed in the transmission 
shift register circuit 4 and the reception shift register circuit 
5 in the same manner as in the conventional Serial data input 
and output device by using the clock Signal CLKinsent from 
the outside as a data shift clock signal. 
0156 AS is described above, in the fourth embodiment, a 
trailing edge of the reception data Sin is detected in the edge 
detecting unit 11, a trailing edge Signal is output from the 
edge detecting unit 11 to the OR gate 8, an output Signal is 
sent from the OR gate 8 to the base timer 1a, and the value 
of the count Signal is cleared. Accordingly, even though a 
failure occurs in the reception of the reception data Sin, the 
reception of the reception data Sin can be performed in the 
reception shift register circuit 5 in Synchronization with the 
reception data Sin. 

O157. In the fourth embodiment, a trailing edge of the 
reception data Sin is detected in the edge detecting unit 11 
each time a failure occurs in the reception of the reception 
data Sin. However, because not only the trailing edge but 
also a leading edge is generated in a Signal of the reception 
data Sin each time a failure occurs in the reception of the 
reception data Sin, it is applicable that a leading edge of the 
reception data Sin be detected in the edge detecting unit 11. 

0158 Also, in the fourth embodiment, the OR gate 8 and 
the edge detecting unit 11 are additionally arranged in the 
data input and output device of the first embodiment. How 
ever, it is applicable that the OR gate 8 and the edge 
detecting unit 11 be additionally arranged in the data input 
and output device of the Second embodiment. 
0159. Also, in the fourth embodiment, the setting value 
Stored in the comparison and coincidence register 2b is 
rewritten each time a shift operation is performed in the 
reception shift register 5. However, it is applicable that the 
shift operations of the reception shift register circuit 5 be 
performed at Shift times corresponding to the Same Setting 
value Stored in the comparison and coincidence register 2b 
in the same manner as the Shift operations of the transmis 
Sion shift register circuit 4. In this case, the shift operations 
can be performed in the reception shift register 5 according 
to the Setting value initially Stored in the comparison and 
coincidence register 2b without changing the Setting value. 

0160 Also, in the third and fourth embodiments, it is not 
required to rewrite the Setting value Stored in each of the 
comparison and coincidence registers 2a and 2b. However, 
in a certain Situation, it is required to rewrite the Setting 
value Stored in each of the comparison and coincidence 
registers 2a and 2b according to a Serial communication 
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protocol used by the transmission and reception SideS. In this 
case, it is preferred that the rewriting of the Setting value is 
performed according to either the interruption operation of 
the CPU or a direct memory access transfer function not 
using the CPU. 

0161) Embodiment 5 
0162 Another idea for rewiring the setting value stored 
in each of the comparison and coincidence registers 2a and 
2b is described. 

0163 FIG. 12 is a block diagram showing the configu 
ration of a data input and output device according to a fifth 
embodiment of the present invention. In FIG. 12,9a indi 
cates a reload register (or a reload register circuit) arranged 
with the comparison and coincidence register 2a, and 9b 
indicates a reload register (or a reload register circuit) 
arranged with the comparison and coincidence register 2b. 
All Setting values to be written in the comparison and 
coincidence register 2a are Stored in the reload register 9a, 
and a prescribed Setting value Stored in the reload register 9a 
is written in the comparison and coincidence register 2a 
each time the transmission coincidence Signal Set to the 
logical value “1” is output from the comparison and coin 
cidence register 2a. Also, all Setting values to be written in 
the comparison and coincidence register 2b are Stored in the 
reload register 9b, and a prescribed Setting value Stored in 
the reload register 9b is written in the comparison and 
coincidence register 2b each time the reception coincidence 
Signal Set to the logical value “1” is output from the 
comparison and coincidence register 2b. The constituent 
elements, which are the same as those shown in FIG. 1, are 
indicated by the same reference numerals as those of the 
constituent elements shown in FIG. 1, and additional 
description of these constituent elements is omitted. 
0164. Next, an operation of the data input and output 
device will be described below. 

0.165. In the data transmission, a value stored in the 
reload register 9a of the transmission side is initially written 
in the comparison and coincidence register 2a as a Setting 
value, and the counting operation is performed in the base 
timer 1. When the value of the count signal agrees with the 
Setting value of the comparison and coincidence register 2a, 
the transmission coincidence Signal Set to the logical value 
“1” is output to the RS flip-flop 3 and the selector 6, and the 
shift operation of the transmission shift register circuit 4 is 
performed in the same manner as in the first embodiment to 
output the transmission data Sout. Also, a next Setting value 
is written in the comparison and coincidence register 2a by 
the reload register 9a in Synchronization with the outputting 
of the transmission coincidence Signal Set to the logical 
value “1”. 

0166 In the data reception, a value stored in the reload 
register 9b of the reception side is initially written in the 
comparison and coincidence register 2b as a Setting value, 
and the counting operation is performed in the base timer 1. 
When the value of the count Signal agrees with the Setting 
value of the comparison and coincidence register 2b, the 
reception coincidence Signal Set to the logical value “1” is 
output to the RS flip-flop 3 and the selector 7, and the shift 
operation of the reception shift register circuit 5 is per 
formed in the same manner as in the first embodiment to 
receive and Sample the reception data Sin. Also, a next 
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Setting value is written in the comparison and coincidence 
register 2b by the reload register 9b in synchronization with 
the outputting of the reception coincidence Signal Set to the 
logical value “1”. 
0167 Accordingly, the setting values of the comparison 
and coincidence registers 2a and 2b can be rewritten without 
performing the interruption operation of the CPU or using 
the direct memory accessing transfer function. 

0168 Also, in cases where a data transfer rate of the 
transmission data Sout is too high to perform the interrup 
tion operation of the CPU or to use the direct memory 
accessing transfer function, the writing of the Setting values 
using the reload registers 9a and 9b is useful. 
0169. In the fifth embodiment, the reload registers 9a and 
9b are additionally arranged in the data input and output 
device of the first embodiment. However, it is applicable that 
the reload registers 9a and 9b be additionally arranged in the 
data input and output device of the Second, third or fourth 
embodiments. 

0170 Embodiment 6 
0171 FIG. 13 is a block diagram showing the configu 
ration of a data input and output device according to a sixth 
embodiment of the present invention. In FIG. 13, 10 indi 
cates an adder. In the adder 10, each time the transmission 
coincidence signal Set to the logical value “1” is output from 
the comparison and coincidence register 2a, a first constant 
value corresponding to a transfer rate is added to a Setting 
Value Stored in the comparison and coincidence register 2a 
to rewrite the Setting value to a next Setting value. Also, each 
time the reception coincidence Signal Set to the logical value 
“1” is output from the comparison and coincidence register 
2b, a Second constant value corresponding to a transfer rate 
is added to a Setting value Stored in the comparison and 
coincidence register 2b to rewrite the Setting value to a next 
Setting value. The constituent elements, which are the same 
as those shown in FIG. 1, are indicated by the same 
reference numerals as those of the constituent elements 
shown in FIG. 1, and additional description of these con 
Stituent elements is omitted. 

0172 Next, an operation of the data input and output 
device will be described below. 

0173. In the data transmission, a setting value is initially 
written in the comparison and coincidence register 2a by the 
CPU of the transmission side, and the counting operation is 
performed in the base timer 1. When the value of the count 
Signal agrees with the Setting value of the comparison and 
coincidence register 2a, the transmission coincidence Signal 
set to the logical value “1” is output to the RS flip-flop 3, the 
selector 6 and the adder 10, and the shift operation of the 
transmission shift register circuit 4 is performed in the same 
manner as in the first embodiment to output the transmission 
data Sout. Also, when the adder 10 receives the transmission 
coincidence signal Set to the logical value “1”, a first 
constant value corresponding to a transfer rate is added to 
the Setting value of the comparison and coincidence register 
2a to rewrite the Setting value to a next Setting value. 
0.174. In the data reception, a setting value is initially 
written in the comparison and coincidence register 2b by the 
CPU of the reception side, and the counting operation is 
performed in the base timer 1. When the value of the count 
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Signal agrees with the Setting value of the comparison and 
coincidence register 2b, the reception coincidence Signal Set 
to the logical value “1” is output to the RS flip-flop 3, the 
selector 6 and the adder 10, and the shift operation of the 
reception shift register circuit 5 is performed in the same 
manner as in the first embodiment to receive and Sample the 
reception data Sin. Also, when the adder 10 receives the 
reception coincidence Signal Set to the logical value “1”, a 
Second constant value corresponding to a transfer rate is 
added to the Setting value of the comparison and coincidence 
register 2b to rewrite the Setting value to a next Setting value. 
0.175. Accordingly, the setting values of the comparison 
and coincidence registers 2a and 2b can be automatically 
rewritten without performing the interruption operation of 
the CPU or using the direct memory accessing transfer 
function. 

0176). In the sixth embodiment, the adder 10 is addition 
ally arranged in the data input and output device of the first 
embodiment. However, it is applicable that the adder 10 be 
additionally arranged in the data input and output device of 
the second, third or fourth embodiments. 

What is claimed is: 
1. A data input and output device comprising: 
a timer circuit for counting a value of a count Signal, 

resetting the value of the count Signal to an initial value 
each time the value of the count Signal reaches a 
prescribed value and outputting the value of the count 
Signal at a prescribed interval; 

a comparison and coincidence register circuit for Storing 
a Setting value, comparing the Setting value with the 
value of the count Signal output from the timer circuit 
and outputting a coincidence Signal each time the 
Setting value agrees with the value of the count Signal; 

a clock Selecting circuit for receiving both an external 
clock signal and each coincidence Signal output from 
the comparison and coincidence register circuit, Select 
ing one of the Signals and outputting the Selected Signal 
as a data shift clock Signal; and 

a data shift register circuit for performing a data trans 
mission or reception each time the data Shift clock 
Signal is received from the clock Selecting circuit. 

2. A data input and output device according to claim 1, 
wherein the comparison and coincidence register circuit 
comprises 

a transmission comparison and coincidence register cir 
cuit for Storing a Setting value corresponding to a data 
transmission time and outputting a transmission coin 
cidence Signal as the coincidence Signal each time the 
Setting value agrees with the value of the count Signal 
output from the timer circuit, and 

a reception comparison and coincidence register circuit 
for Storing a Setting value corresponding to a data 
reception time and outputting a reception coincidence 
Signal as the coincidence Signal each time the Setting 
value agrees with the value of the count Signal output 
from the timer circuit, and 

the value of the count Signal is cleared to the initial value 
in the timer circuit each time the transmission coinci 
dence Signal output from the transmission comparison 
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and coincidence register circuit or the reception coin 
cidence Signal output from the reception comparison 
and coincidence register circuit is received in the timer 
circuit. 

3. A data input and output device comprising: 
a timer circuit for counting a value of a count Signal, 

resetting the value of the count Signal to an initial value 
each time the value of the count Signal reaches a 
prescribed value and outputting the value of the count 
Signal at a prescribed interval; 

a comparison and coincidence register circuit for Storing 
a Setting value corresponding to a data transmission 
time and a Setting value corresponding to a data recep 
tion time, comparing the Setting value corresponding to 
the data transmission time with the value of the count 
Signal output from the timer circuit, comparing the 
Setting value corresponding to the data reception time 
with the value of the count Signal output from the timer 
circuit, outputting a transmission coincidence Signal 
each time the Setting value corresponding to the data 
transmission time agrees with the value of the count 
Signal and outputting a reception coincidence Signal 
each time the Setting value corresponding to the data 
reception time agrees with the value of the count Signal; 

a flip-flop circuit for Setting a logical value of a Synchro 
nization clock Signal to a first value in Synchronization 
with the reception of each transmission coincidence 
Signal from the comparison and coincidence register 
circuit, Setting a logical value of the Synchronization 
clock signal to a Second value different from the first 
value in Synchronization with the reception of each 
reception coincidence Signal from the comparison and 
coincidence register circuit and outputting the Synchro 
nization clock signal having two logical values, 

a clock Selecting circuit for receiving an external clock 
Signal and the Synchronization clock signal output from 
the flip-flop circuit, Selecting one of the Signals and 
outputting the Selected Signal as a data shift clock 
Signal; and 

a data shift register circuit for performing a data trans 
mission or reception in Synchronization with each 
logical value of the data shift clock signal received 
from the clock Selecting circuit. 

4. A data input and output device according to claim 1, 
further comprising: 

a flip-flop circuit for Setting a logical value of a Synchro 
nization clock Signal of a data transmission and recep 
tion in Synchronization with the reception of each 
coincidence Signal from the comparison and coinci 
dence register circuit and outputting the Synchroniza 
tion clock signal. 

5. A data input and output device according to claim 1, 
wherein the value of the count Signal is cleared to the initial 
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value in response to each leading edge or each trailing edge 
of a data Signal received by the data shift register circuit. 

6. A data input and output device according to claim 3, 
wherein the value of the count Signal is cleared to the initial 
value in response to each leading edge or each trailing edge 
of a data Signal received by the data shift register circuit. 

7. A data input and output device according to claim 1, 
wherein the Setting value of the comparison and coincidence 
register circuit is Stored according to a direct memory 
CCCSS. 

8. A data input and output device according to claim 3, 
wherein the Setting value of the comparison and coincidence 
register circuit is Stored according to a direct memory 
CCCSS. 

9. A data input and output device according to claim 1, 
further comprising: 

a reload register circuit for Sending a new Setting value to 
the comparison and coincidence register circuit each 
time the Setting value Stored in the comparison and 
coincidence register circuit agrees with the value of the 
count Signal. 

10. A data input and output device according to claim 3, 
further comprising: 

a reload register circuit for Sending a new Setting value to 
the comparison and coincidence register circuit each 
time the Setting value Stored in the comparison and 
coincidence register circuit agrees with the value of the 
count Signal. 

11. A data input and output device according to claim 1, 
further comprising: 

an adder for adding a prescribed value to the Setting value 
Stored in the comparison and coincidence register cir 
cuit to Store a new Setting value in the comparison and 
coincidence register circuit each time the Setting value 
Stored in the comparison and coincidence register cir 
cuit agrees with the value of the count Signal. 

12. A data input and output device according to claim 3, 
further comprising: 

an adder for adding a prescribed value to the Setting value 
Stored in the comparison and coincidence register cir 
cuit to Store a new Setting value in the comparison and 
coincidence register circuit each time the Setting value 
Stored in the comparison and coincidence register cir 
cuit agrees with the value of the count Signal. 

13. A data input and output device according to claim 1, 
wherein the value of the count Signal counted by the timer 
circuit is incremented, and the value of the count Signal is 
reSet to Zero. 

14. A data input and output device according to claim 3, 
wherein the value of the count Signal counted by the timer 
circuit is incremented, and the value of the count Signal is 
reSet to Zero. 


